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(54) Apparatus for learning full-closed position of accelerator pedal and method of the same 


(57) The technique of the present invention enables 
a full closed position of an accelerator pedal to be learnt 
with a high accuracy. More specifically the arrangement 
of the invention effectively prevents the full closed posi- 
tion of the accelerator pedal from being mistakenly 
learnt and quickly changes a current full closed position 
of the accelerator pedal to a new, more appropriate full 
closed position. In a system of the present invention, a 
master controller updates a full-closed position acceler- 
ator opening eclosed when an accelerator open flag Fo- 
pen is set ON and when a current accelerator opening 
9n is less than a learning permission accelerator open- 


ing Glok and monotonously decreases to be converged. 
The master controller sets the converged accelerator 
opening Gn to a new full-closed position accelerator 
opening eclosed when the converged accelerator open- 
ing en is greater than a current full-closed position ac- 
celerator opening eclosed. The master controller sets a 
remainder obtained by subtracting a predetermined val- 
ue from the current full-closed position accelerator 
opening eclosed to the new full-closed position acceler- 
ator opening eclosed when the converged accelerator 
opening en is not greater than the current full-closed po- 
sition accelerator opening eclosed. 


Fig. 8 


REFERENCE 

ACCELERATOR OPENING / — ^ 

Sort* .... / \ ._ 

A \ - -J 


/ 


LEARNINC PERMISSION 
ACCELERATOR 
OPENING $ W, 


LEARNING INHIBITION 
FLAG Roo 


GN 


; OFF 


<^ ACCELERATOR OPEN : ON 


FLAG Fopen OFF } ' ~ '"~~\ [~ 

.71'ATE Of ACCF' FKATOR INCREASE DECREASE CONVERGE OFCREASE INCRFASE 

VV OPENING 6n — - — 

^ INCREASE CONVERGE 

r EXECUTION OF NON-EXECUTION EXECUTION NON-EXECUTION 

LEARNING ** ™ 

Q. 
LU 


Printed by Jouve, 75001 PARIS (FR) 


EP1 153 786 A1 


Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001 ] The present invention relates to a method of learning the full-closed position of an accelerator pedal disposed 
in a vehicle, and an apparatus for the same. 

10 Description of the Related Art 

[0002] The driver regulates the output of a vehicle via an accelerator pedal during a drive of the vehicle. It is accord- 
ingly required for an accelerator opening sensor or a throttle opening sensor, which measures the depression amount 
of the accelerator pedal, to transmit an appropriate required output value corresponding to a driver's depression amount 

is of the accelerator pedal. In the case where some required output value is transmitted from the accelerator opening 
sensor while the driver's depression amount of the accelerator pedal is equal to zero, the vehicle is undesirably accel- 
erated, regardless of the driver's requirement to maintain the current vehicle speed or to even reduce the vehicle speed. 
The learning technique has accordingly be proposed to change a reference output value of the accelerator opening 
sensor corresponding to the depression amount of zero (that is, a full closed position of the accelerator pedal) to a 

20 more appropriate value. 

[0003J The prior art technique learns the reference output value of the accelerator opening sensor on the premises 
that an idle switch is set ON and that the output value of the accelerator opening or throttle opening is stable. This 
arrangement may cause the reference output value of the accelerator opening sensor to be changed while the depres- 
sion amount of the accelerator pedal is not equal to zero. In other words, this arrangement may cause the full closed 

25 position of the accelerator pedal to be mistakenly learnt. The prior art technique sets a processed value obtained by 
leveling the difference between a current reference output value and a newly determined reference output value or 
another processed value obtained by adding or subtracting a predetermined value to or from the current reference 
output value to the target reference output value of the accelerator opening sensor. This does not always set the 
optimum value to the target reference output value of the accelerator opening sensor and thereby has a relatively low 

30 learning accuracy. 

SUMMARY OF THE INVENTION 

[0004] The object of the present invention is accordingly to provide a technique that effectively prevents a full closed 
35 position of an accelerator pedal from being mistakenly learnt and quickly changes a current full closed position of the 
accelerator pedal to a new, more appropriate full closed position, thus enabling the full closed position of the accelerator 
pedal to be learnt with a high accuracy. 

[0005] At least part of the above and the other related objects is attained by a method of learning a full-closed position 
output value at a full closed position of an accelerator pedal disposed in a vehicle. Here the accelerator pedal enables 

to a required output value to be output to a driving power source of the vehicle in a continuously variable manner and 
has the full closed position that corresponds to a required output value of 0. The method includes determining whether 
an output value of the accelerator pedal has exceeded a first threshold value; determining whether the output value 
of the accelerator pedal is less than a second threshold value, which is smaller than the first threshold value, after the 
output value of the accelerator pedal has exceeded the first threshold value; when it is determined that the output value 

45 of the accelerator pedal is less than the second threshold value, determining whether the output value of the accelerator 
pedal is converging; and when it is determined that the output value of the accelerator pedal is converging, changing 
the full-closed position output value to a new full-closed position output value by taking into account the converged 
output value of the accelerator pedal. 

[0006] This method of the present invention varies the full-closed position output value by taking into account the 
so converged output value of the accelerator pedal, when it is determined that the output value of the accelerator pedal 
has exceeded the first threshold value and that the output value of the accelerator pedal is converging. This arrange- 
ment effectively prevents the full closed position of the accelerator pedal from being mistakenly learnt and quickly 
changes the current full closed position of the accelerator pedal to a new, more appropriate full closed position, thus 
enabling the full closed position of the accelerator pedal to be learnt with a high accuracy. Here the first threshold value 
55 is close to a relatively high output value corresponding to a frequently used accelerator position, whereas the second 
threshold value is close to an output value corresponding to the full closed position of the accelerator pedal. 
[0007] In accordance with one preferable application of the method of the present invention, determining whether 
the output value of the accelerator pedal is converging is carried out when the output value of the accelerator pedal 
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monotonously decreases. In accordance with another preferable application of the method of the present invention, 
determining whether the output value of the accelerator pedal is converging is carried out when a current full-closed 
position output value is greater than a currently observed output value of the accelerator pedal. Determining whether 
the output value of the accelerator pedal is converging is carried out on the condition that the output value of the 
5 accelerator pedal monotonously decreases, when the current full-closed position output value is not greater than the 
currently observed output value of the accelerator pedal. 

[0008] In accordance with one embodiment that attains either one of the above preferable applications, it is deter- 
mined that the output value of the accelerator pedal monotonously decreases when an absolute difference between 
a currently observed output value of the accelerator pedal and a previous output value of the accelerator pedal is within 

70 a preset range and when a future output value of the accelerator pedal after elapse of a predetermined time period is 
smaller than the currently observed output value of the accelerator pedal. This arrangement enables learning to be 
performed even when minute peaks appear due to a simple noise, thus increasing the frequency of learning and 
enhancing the learning effects. Here the predetermined time period is longer than a sampling time required to detect 
a variation in output value of the accelerator pedal and is suitable to specify the general characteristics of the output 

is value of the accelerator pedal. In accordance with another embodiment that attains either one of the above preferable 
applications, it is determined that the output value of the accelerator pedal monotonously decreases when the currently 
observed output value of the accelerator pedal is smaller than the previous output value of the accelerator pedal. In 
this embodiment, the continuous decrease in output value of the accelerator pedal is required for the determination 
that the output value of the accelerator pedal monotonously decreases. Namely learning is not performed when any 

20 peak appears due to a noise. This arrangement effectively prevents the full closed position of the accelerator pedal 
from being mistakenly learnt. In this arrangement, the term 'monotonous decrease' is not restricted to the strict sense 
that does not allow any increasing variation but means a substantially monotonous decrease that allows minute in- 
creasing variations, for example, due to the noise. 

[0009] In the method of the present invention, it may be determined that the output value of the accelerator pedal is 

25 converging when a variation in output value of the accelerator pedal is within a predetermined range. This arrangement 
enhances the speed of determination with regard to the convergence of the output value of the accelerator pedal. 
[0010] In the method of the present invention, it may be determined that the output value of the accelerator pedal is 
converging when the currently observed output value of the accelerator pedal is either identical with the previous output 
value of the accelerator pedal or less than the previous output value of the accelerator pedal by a predetermined rate. 

30 This arrangement does not allow learning to be performed when any peak appears due to a noise, thus effectively 
preventing the full closed position of the accelerator pedal from being mistakenly learnt due to the noise. In accordance 
with one preferable embodiment of the method of the present invention, when a current full-closed position output 
value is greater than the converged output value of the accelerator pedal, a remainder obtained by subtracting a pre- 
determined value from the current full-closed position output value is set to the new full-closed position output value. 

35 [0011] In accordance with another preferable embodiment of the method of the present invention, when a current 
full-closed position output value is not greater than the converged output value of the accelerator pedal, a sum obtained 
by adding a predetermined value to the current full-closed position output value is set to the new full-closed position 
output value. In this embodiment, when the convergence of the output value of the accelerator pedal continues for a 
predetermined time period, the converged output value of the accelerator pedal is set to the new full-closed position 

40 output value. This arrangement quickly sets the actual full closed position of the accelerator pedal to the new full-closed 
position output value, thus enhancing the learning accuracy. 

[001 2] In accordance with still another preferable embodiment of the method of the present invention, when a current 
full-closed position output value is not greater than the converged output value of the accelerator pedal, the converged 
output value of the accelerator pedal is set to the new full-closed position output value. This arrangement quickly sets 

45 the actual full closed position of the accelerator pedal to the new full-closed position output value, thus enhancing the 
learning accuracy. In accordance with another preferable embodiment of the method of the present invention, the 
output value of the accelerator pedal is expressed by an accelerator opening that is related to a depression amount 
of the accelerator pedal, the accelerator opening being a predetermined percent at a maximum output value of the 
accelerator pedal and being zero percent at a minimum output value of the accelerator pedal. In accordance with still 

so another preferable embodiment of the method of the present invention, the output value of the accelerator pedal is 
expressed by a throttle opening that is related to a depression amount of the accelerator pedal, the throttle opening 
being a predetermined percent at a maximum output value of the accelerator pedal and being zero percent at a minimum 
output value of the accelerator pedal. Here the predetermined percent represents a preset accelerator opening or 
throttle opening that is assured even after the accelerator pedal has undergone a time variation, for example, a value 

55 in a range of approximately 55% to 70%. 

[0013] In accordance with another preferable application of the present invention, the method further includes the 
step of: informing a driver of occurrence of an abnormality on the accelerator pedal when the new full-closed position 
output value is smaller than the second threshold value but greater than a third threshold value, which is smaller than 
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the second threshold value and corresponds to a mechanical full closed position of the accelerator pedal This arrange- 
ment efficiently detects an abnormality of the accelerator pedal and informs the driver of occurrence of the abnormality 
in the course of learning the full closed position of the accelerator pedal. 

[0014] The present invention is also directed to a method of successively updating a full-closed position output value 
5 of an accelerator pedal at a full closed position corresponding to a specific state in which an operating quantity of the 
accelerator pedal is equal to zero. The method includes the steps of: determining whether an output value of the 
accelerator pedal is less than a threshold value; when it is determined that the output value of the accelerator pedal 
is less than the threshold value, determining whether the output value of the accelerator pedal is converging; when it 
is determined that the output value of the accelerator pedal is converging, comparing a current full-closed position 
10 output value of the accelerator pedal with the converged output value of the accelerator pedal; when the current full- 
closed position output value of the accelerator pedal is greater than the converged output value of the accelerator 
pedal, setting a mean of the current full-closed position output value of the accelerator pedal and the converged output 
value of the accelerator pedal to a new full-closed position output value of the accelerator pedal; and when the current 
full-closed position output value of the accelerator pedal is not greater than the converged output value of the accelerator 
15 pedal, setting the converged output value of the accelerator pedal to the new full-closed position output value of the 
accelerator pedal. 

[0015] This updating method of the present invention sets the converged output value of the accelerator pedal to 
the new full-closed position output value of the accelerator pedal when the current full-closed position output value of 
the accelerator pedal is not greater than the converged output value of the accelerator pedal. This arrangement en- 

20 hances the learning accuracy at least in a range of high output values of the accelerator pedal. 

[0016] In accordance with one preferable application of the updating method of the present invention, when the 
current full-closed position output value of the accelerator pedal is not greater than the converged output value of the 
accelerator pedal, the mean of the current full-closed position output value of the accelerator pedal and the converged 
output value of the accelerator pedal is set to the new full-closed position output value of the accelerator pedal. When 

25 a convergence time period, in which the output value of the accelerator pedal converges, exceeds a preset time period, 
the converged output value of the accelerator pedal is set to the new full-closed position output value of the accelerator 
pedal. This arrangement effectively prevents the full closed position of the accelerator pedal from being mistakenly 
learnt, while enhancing the learning accuracy at least in a range of high output values of the accelerator pedal. 
[0017] In the updating method, the output value of the accelerator pedal may be obtained as either one of an accel- 

30 erator opening or a throttle opening that is related to a depression amount of the accelerator pedal. 

[0018] The present invention is further directed to a full-closed position learning apparatus that learns a full closed 
position of an accelerator pedal in a released state. More specifically the full-closed position learning apparatus outputs 
a depression amount of the accelerator pedal as an accelerator opening and learns the accelerator opening at the full 
closed position of the accelerator pedal, which has the full closed position corresponding to a depression amount of 

35 zero. The full-closed position learning apparatus includes: an accelerator depression measurement unit that measures 
a depression amount of the accelerator pedal as an operational opening; a first storage unit that registers therein an 
accelerator open record when the observed operational opening exceeds an open record reference value; a learning 
permission decision unit that determines whether the observed operational opening is less than a learning permission 
reference value, which is smaller than the open record reference value; an opening convergence decision unit that 

to determines whether the operational opening is converging when it is determined that the observed operational opening 
is less than the learning permission reference value while the accelerator open record is present in the first storage 
unit; and a full-closed position opening variation unit that varies the operational opening at the full closed position to a 
new full-closed position operational opening by taking into account the converged operational opening, when it is 
determined that the operational opening is converging. 

45 [001 9] The full-closed position learning apparatus of the present invention varies the operational opening at the full 
closed position to the new full-closed position operational opening by taking into account the converged operational 
opening, when it is determined that the observed operational opening is less than the learning permission reference 
value while the accelerator open record is present in the first storage unit and that the operational opening is converging. 
This arrangement effectively prevents the full closed position of the accelerator pedal from being mistakenly learnt and 

50 updates the current full-closed position operational opening to a new, more appropriate operational opening. 

[0020] In accordance.with one preferable embodiment of the present invention, the full-closed position learning ap- 
paratus further includes a decreasing state decision unit that determines whether the operational opening monoto- 
nously decreases, when the accelerator open record is present in the first storage unit. In this embodiment, the opening 
convergence decision unit carries out the determination of whether the operational opening is converging when it is 

55 determined that the operational opening monotonously decreases. 

[0021] In the above preferable embodiment, the decreasing state decision unit may determine that the operational 
opening monotonously decreases when an absolute difference between a currently observed operational opening and 
a previous operational opening is within a preset range and when a future operational opening after elapse of a pre- 
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determined time period is smaller than the currently observed operational opening. Here the predetermined time period 
is longer than a sampling time required to detect a variation in operational opening and is suitable to specify the general 
characteristics of the operational opening. In the above preferable embodiment, the decreasing state decision unit may 
alternatively determine that the operational opening monotonously decreases when a currently observed operational 
s opening is smaller than a previous operational opening. In accordance with one preferable application of the full-closed 
position learning apparatus, the opening convergence decision unit determines that the operational opening is con- 
verging when a variation in operational opening is within a predetermined range. 

[0022] In accordance with another preferable application of the full-closed position learning apparatus, the opening 
convergence decision unit determines that the operational opening is converging when a currently observed operational 

10 opening is either identical with a previous operational opening or less than the previous operational opening by a 
predetermined rate. In accordance with still another preferable application of the full-closed position learning apparatus, 
the full-closed position opening variation unit sets a remainder obtained by subtracting a predetermined value from a 
current full-closed position operational opening to the new full-closed position operational opening, when the current 
full-closed position operational opening is greater than the converged operational opening. 

is [0023] In accordance with another preferable application of the full-closed position learning apparatus, the full-closed 
position opening variation unit sets a sum obtained by adding a predetermined value to a current full-closed position 
operational opening to the new full-closed position operational opening, when the current full-closed position opera- 
tional opening is not greater than the converged operational opening. In this application, the full-closed position opening 
variation unit sets the converged operational opening to the new full-closed position operational opening when the 

20 convergence of the operational opening continues for a predetermined time period. 

[0024] In accordance with still another preferable application of the full-closed position learning apparatus, the full- 
closed position opening variation unit sets the converged operational opening to the new full-closed position operational 
opening when a current full-closed position operational opening is not greater than the converged operational opening. 
[0025] In one preferable embodiment of the present invention, the full-closed position learning apparatus further 

25 includes: an accelerator abnormality decision unit that compares the new full-closed position operational opening with 
the learning permission reference value and with a mechanical full closing value, which is smaller than the learning 
permission reference value and corresponds to a mechanical full closed position of the accelerator pedal; and an 
information unit that informs a driver of occurrence of an abnormality on the accelerator pedal when the new full-closed 
position operation opening is smaller than the learning permission reference value but is greater than the mechanical 

30 full closing value. This arrangement enables an abnormality of the accelerator pedal to be detected, simultaneously 
with learning the full closed position of the accelerator pedal. 

[0026] In the full-closed position learning apparatus of the present invention, the accelerator depression measure- 
ment unit may be an accelerator opening sensor that measures the depression amount of the accelerator pedal as an 
accelerator opening, or may alternatively be a throttle opening sensor that measures an operation amount of a throttle 
35 value, which works in combination with an operation of the accelerator pedal, as a throttle opening. In either case, the 
depression amount of the accelerator pedal can be obtained. 

[0027] The full-closed position learning apparatus exerts the essentially equivalent functions and effects to those of 
the learning method of the present invention discussed above, while attaining the individual functions and effects by 
means of each individual constituent of the apparatus. 
40 [0028] These and other objects, features, aspects, and advantages of the present invention will become more ap- 
parent from the following detailed description of the preferred embodiments with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 [0029] 

Fig. 1 schematically illustrates the general structure of a hybrid vehicle in one embodiment of the present invention; 

Fig. 2 is a block diagram illustrating the detailed configuration of a control system that controls the hybrid vehicle 
50 shown in Fig. 1; 

Fig. 3 shows the definition of the positions of an accelerator pedal; 

Fig. 4 is a flowchart showing a processing routine executed when observed accelerator opening e exceeds a 
55 reference accelerator opening 9open in a first embodiment; 

Fig. 5 is a flowchart showing a processing routine executed to learn the full closed position of the accelerator pedal; 
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Fig. 6 is a flowchart showing the details of the learning value addition process executed at step S300 in the flowchart 
of Fig. 5; 

Fig. 7 is a flowchart showing the details of the learning value subtraction process executed at step S400 in the 
5 flowchart of Fig. 5; 

Fig. 8 is a timing chart showing a variation in accelerator opening 0n in relation to the respective flags and the 
learning execution state; 

w Fig. 9 is a timing chart showing a variation in accelerator opening 8n in relation to a full-closed position accelerator 

opening eclosed in the learning value addition process; 

Fig. 10 is a timing chart showing a variation in accelerator opening 6n in relation to the full-closed position accel- 
erator opening eclosed in the learning value subtraction process; 

15 

Fig. 11 is a flowchart showing another processing routine of the learning value addition process in a second em- 
bodiment; 

Fig. 12 shows a comparison between normal learning and abnormal learning; and 

20 

Fig. 13 shows the state of accelerator opening in the case of applying a maximum offset permission accelerator 
opening 9max for offset learning. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 

[0030] Some modes of carrying out the present invention are discussed below as preferred embodiments. 
A. General Structure of Hybrid Vehicle 

30 [0031] Fig. 1 schematically illustrates the general structure of a hybrid vehicle in one embodiment of the present 
invention. The hybrid vehicle has three prime movers, that is, one engine 150 and two motor generators MG1 and 
MG2. Here the motor generator represents the prime mover functioning as both a motor and a generator. In the de- 
scription hereinafter, for simplicity of explanation, the motor generators are simply referred to as the motors. The hybrid 
vehicle is under the control of a control system 200. 

35 [0032] The control system 200 includes a main ECU 21 0, a brake ECU 220, a battery ECU 230, and an engine ECU 
240. Each of these ECUs is constructed as an integral unit, where a plurality of circuit elements including a microcom- 
puter, an input interface, and an output interface are arranged on one identical circuit board. The main ECU 21 0 includes 
a motor controller 260 and a master controller 270. The master controller 270 functions to determine a variety of control- 
relating quantities, for example, distribution of the output from the three prime movers 150, MG1 , and MG2. 

40 [0033] The engine 1 50 is an ordinary gasoline engine that explosively combusts gasoline as fuel and rotates a crank- 
shaft 156 with the combustion energy. The engine ECU 240 controls operations of the engine 150. The engine ECU 
240 regulates the quantity of fuel injection into the engine 150, the ignition timing, and other required quantities in 
response to instructions transmitted from the master controller 270. 

[0034] The motors MG1 and MG2 are constructed as synchronous motors, and respectively include rotors 132 and 
45 142 with a plurality of permanent magnets mounted on outer circumferences thereof, and stators 133 and 143 with 
three-phase coils 131 and 141 wound thereon to form revolving magnetic fields. The stators 133 and 142 are fixed to 
a casing 119. The three-phase coils 131 and 141 wound on the stators 133 and 143 of the motors MG1 and MG2 are 
respectively connected to a secondary battery 194 via driving circuits 191 and 192. Each of the driving circuits 191 
and 192 is constructed as a transistor inverter including a pair of transistors for each phase as switching elements. 
so The driving circuits 191 and 192 are controlled by the motor controller 260. When the transistors in the driving circuit 
191 or in the driving circuit 192 are switched on in response to a control signal transmitted from the motor controller 
260, the electric current runs between the battery 1 94 and the motor MG1 or the motor MG2. Each of the motors MG1 
and MG2 may function as the motor that receives a supply of electric power from the battery 194 to be driven and 
rotated (hereinafter this state of operation is referred to as the power operation). While the rotor 132 or 142 is rotated 
55 by an external force, the motor MG1 or MG2 may function as the generator that causes an electromotive force to be 
generated between both ends of the three-phase coils 131 or 141 and charges the battery 194. Strictly speaking, this 
corresponds to power generation in the case where the output of the engine 150 works as the external force, and 
corresponds to regeneration in the case where braking force works as the external force. In this embodiment, these 
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two states of operation are collectively referred to as the regenerative operation. 

[0035] The rotating shafts of the engine 1 50 and the motors MG1 and MG2 are mechanically linked with one another 
via a planetary gear 1 20. The planetary gear 1 20 includes a sun gear 1 21 , a ring gear 1 22, and a planetary carrier 1 24 
with a planetary pinion gear 123. In the hybrid vehicle of the embodiment, the crankshaft 156 of the engine 150 is 
coupled with a planetary carrier shaft 1 27 via a damper 1 30. The damper 1 30 is provided to absorb torsional vibrations 
arising in the crankshaft 156. The rotor 132 of the motor MG1 is linked with a sun gear shaft 125, whereas the rotor 
142 of the motor MG2 is linked with a ring gear shaft 126. The rotation of the ring gear 122 is transmitted to an axle 
112 and wheels 116R and 116L via a chain belt 129 and a differential gear 114. 

[0036] The control system 200 utilizes a diversity of sensors to attain the control of the whole hybrid vehicle. Such 
sensors include an accelerator sensor 165 that measures the step-on amount of an accelerator pedal by a driver, a 
gearshift position sensor 1 67 that detects the position of a gearshift lever, a brake sensor 1 63 that measures the step- 
on pressure of a brake pedal, a throttle sensor 1 69 that measures the opening of a throttle valve 1 68 for regulating the 
quantity of air intake into the engine 150, a battery sensor 196 that measures the charge level of the battery 1 94, and 
a speed sensor 144 that measures the revolving speed of the motor MG2. The ring gear shaft 126 is mechanically 
linked with the axle 112 via the chain belt 129, so that the ratio of the revolving speeds of the ring gear shaft 126 to 
the axle 112 is fixed. The speed sensor 144 disposed on the ring gear shaft 126 accordingly detects the revolving 
speed of the axle 112 as well as the revolving speed of the motor MG2. 

B. Basic Operations in Hybrid Vehicle 

[0037] The description first regards the operations of the planetary gear 120 to explain the basic operations in the 
hybrid vehicle. In the planetary gear 1 20, when the revolving speeds of any two rotating shafts among the three rotating 
shafts mentioned above are specified, the revolving speed of the residual rotating shaft is automatically determined. 
The revolving speeds of the respective rotating shafts hold the relationship defined as Equation (1) given below: 

Nc = Nsx p/(1+p) + Nrx 1/(1+p) (1) 

where Nc, Ns, and Nr respectively denote the revolving speed of the planetary carrier shaft 127, the revolving 
30 speed of the sun gear shaft 125, and the revolving speed of the ring gear shaft 126, and p represents a gear ratio of 
the sun gear 121 to the ring gear 122 as expressed by the following equation: 

p = (number of teeth of sun gear 121]/ [number of teeth of ring gear 1 22] 

35 

[0038] The torques of the three rotating shafts hold fixed relations defined as Equations (2) and (3) given below, 
irrespective of their revolving speeds: 

Ts=Tcx P /(1+p) (2) 


Tr = Tc x 1 /(1+p) = Ts/p (3) 

45 where Tc, Ts, and Tr respectively denote the torque of the planetary carrier shaft 1 27, the torque of the sun gear 

shaft 125, and the torque of the ring gear shaft 126. 

[0039] The functions of the planetary gear 120 enable the hybrid vehicle of the embodiment to run in a variety of 
conditions. For example, in the state of a drive at a relatively low speed immediately after the start of the hybrid vehicle, 
the motor MG2 carries out the power operation to transmit the power to the axle 1 1 2 and drive the hybrid vehicle, while 
so the engine 1 50 is at a stop or at an idle. 

[0040] When the speed of the hybrid vehicle reaches a predetermined level, the control system 200 causes the motor 
MG1 to carry out the power operation and motors and starts the engine 150 with the torque output through the power 
operation of the motor MG1. At this moment, the reactive torque of the motor MG1 is output to the ring gear 122 via 
the planetary gear 120. 

55 [0041 ] When the engine 1 50 is driven to rotate the planetary carrier shaft 127, the sun gear shaft 1 25 and the ring 
gear shaft 126 rotate under the conditions fulfilling Equations (1) through (3) given above. The power generated by 
the rotation of the ring gear shaft 126 is directly transmitted to the wheels 116R and 116L The power generated by 
the rotation of the sun gear shaft 1 25 is, on the other hand, regenerated as electric power by the first motor MG1 . The 
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power operation of the second motor MG2 enables the power to be output to the wheels 116R and 116L via the ring 
gear shaft 126. 

[0042] In the state of a stationary drive, the output of the engine 150 is set substantially equal to a required power 
of the axle 1 1 2 (that is, the revolving speed x torque of the axle 1 1 2). In this state, part of the output of the engine 1 50 

5 is transmitted directly to the axle 112 via the ring gear shaft 126, while the residual power is regenerated as electric 
power by the first motor MG1 . The second motor MG2 utilizes the regenerated electric power to produce a torque for 
rotating the ring gear shaft 1 26. The axle 1 1 2 is accordingly driven at a desired revolving speed and a desired torque. 
[0043] When there is an insufficiency of the torque transmitted to the axle 1 1 2, the second motor MG2 supplements 
the insufficient torque. The electric power obtained by the regenerative operation of the first motor MG1 and the electric 

w power accumulated in the battery 194 are used for such supplement. In this manner, the control system 200 controls 
the operations of the two motors MG1 and MG2 according to the required power to be output from the axle 112. 
[0044] The hybrid vehicle of the embodiment may go back in the active state of the engine 150. While the engine 
150 is driven, the planetary carrier shaft 127 rotates in the same direction as that in the case of the forward drive. In 
this state, when the first motor MG1 is controlled to rotate the sun gear shaft 125 at a higher revolving speed than the 

is revolving speed of the planetary carrier shaft 127, the rotating direction of the ring gear shaft 126 is inverted to the 
direction for the rearward drive as clearly understood from Equation (1) given above. The control system 200 makes 
the second motor MG2 rotated in the direction for the rearward drive and regulates the output torque, thus enabling 
the hybrid vehicle to go back. 

[0045] In the planetary gear 120, the planetary carrier 124 and the sun gear 121 may be rotated while the ring gear 
20 122 is at a stop. The engine 150 is accordingly driven while the vehicle is at a stop. For example, when the battery 
194 has a low charge level, the engine 150 is driven and causes the first motor MG1 to carry out the regenerative 
operation and charge the battery 1 94. The power operation of the first motor MG1 in the stationary state of the vehicle, 
on the other hand, motors and starts the engine 1 50 with the output torque. 

25 c. Structure of Control System 

[0046] Fig. 2 is a block diagram illustrating the detailed configuration of the control system 200 in the embodiment. 
The master controller 270 includes a master control CPU 272 and a power source control circuit 274. The motor 
controller 260 includes a main motor control CPU 262 and two motor control CPUs 264 and 266 that respectively 
so control the two motors MG 1 and MG2. Each of the CPUs is constructed as a one-chip microcomputer including a CPU, 
a ROM, a RAM, an input port, and an output port (not shown). 

[0047] The master control CPU 272 functions to determine the control-relating quantities, for example, the distribution 
of the revolving speeds and the torques of the three prime movers 150, MG1, and MG2 and transmit a diversity of 
required values to the other CPUs and ECUs, so as to control the operations of the respective prime movers. In order 

35 to attain such control, the master control CPU 272 receives accelerator position signals AP1 and AP2 representing 
the accelerator position or accelerator opening and gearshift position signals SP1 and SP2 representing the gearshift 
position. The accelerator sensor 165 includes a sliding resistance therein and outputs a voltage corresponding to a 
depression or step-on amount of the accelerator pedal 1 66 as the accelerator position signals AP1 and AP2. 
[0048] The position of the accelerator pedal 166 used in this embodiment is discussed below with referring to Fig. 

40 3. Fig. 3 shows the definition of the positions of the accelerator pedal 166. In the structure of the embodiment, the 
voltage output from the accelerator sensor 165 increases with an increase in depression or step-on amount of the 
accelerator pedal 166 and reaches its maximum at a full open position (that is, a position shown by the broken line in 
Fig. 3). The accelerator pedal 166 has a mechanical full closed position (that is, a position shown by the one-dot chain 
line in Fig. 3), which is determined by the structure. The depression or step-on amount of the accelerator pedal 166 

45 (that is, the output of the accelerator pedal 166 via the accelerator sensor 165) is commonly called the accelerator 
opening. When the depression amount of the accelerator pedal 166 is equal to zero (this is the state shown by the 
solid line in Fig. 3, in which the driver releases the accelerator pedal 166), the accelerator pedal 166 is set in the 
mechanical full closed position. This full closed position may be shifted, for example, with elapse of time. The voltage 
output from the accelerator sensor 1 65 varies with the shift of the full closed position. The technique of the embodiment 

so thus carries out a process of successively varying the output voltage of the accelerator sensor 1 65, which is used for 
the determination of whether the accelerator pedal 166 is in the full closed position, to appropriate values, that is, a 
process of learning the full closed position of the accelerator pedal 1 66 as discussed later. 

[0049] Both the accelerator sensor 1 65 and the gearshift position sensor 167 have a dual structure, that is, include 
two sensor elements. The master control CPU 272 accordingly receives the two accelerator position signals AP1 and 
55 AP2 and the two gearshift position signals SP1 and SP2. 

[0050] The power source control circuit 274 is a DC-DC converter that converts the high-power d.c. voltage of the 
battery 194 into the low-power d.c. voltage used for the respective circuits included in the main ECU 210. The power 
source control circuit 274 also has the function of a monitoring circuit that monitors abnormality in the master control 
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CPU 272. 

[0051] The engine ECU 240 controls the engine 150 according to a required engine output PEreq given by the master 
control CPU 272. The engine ECU 240 feeds a revolving speed REVen of the engine 150 back to the master control 
CPU 272. 

5 [0052] The main motor control CPU 262 transmits required electric currents llreq and I2req to the two motor control 
CPUs 264 and 266, based on required torques T1 req and T2req of the two motors MG1 and MG2 given by the master 
control CPU 272. The motor control CPUs 264 and 266 respectively control the driving circuits 1 91 and 192 according 
to the required electric currents 11 req and I2req, so as to drive the motors MG1 and MG2. The speed sensors of the 
motors MG1 and MG2 feed revolving speeds REV1 and REV2 of the motors MG1 and MG2 back to the main motor 

10 control CPU 262. The master control CPU 272 receives the revolving speeds REV1 and REV2 of the motors MG1 and 
MG2 as well as a value of electric current 1 B supplied from the battery 194 to the driving circuits 191 and 192, which 
are fed back from the main motor control CPU 262. 

[0053] The battery ECU 230 monitors a state of charge or charge level SOC of the battery 1 94 and supplies a required 
value of charging CHreq of the battery 194 to the master control CPU 272 according to the requirements. The master 
15 control CPU 272 determines the output of each prime mover by taking into account the required value of charging 
CHreq. In the case of a requirement for charging, the master control CPU 272 causes the engine 150 to output a 
greater power than the value required for the drive and distributes part of the output power to the charging operation 
by means of the first motor MG1 . 

[0054] The brake ECU 220 carries out control to balance a hydraulic brake (not shown) with the regenerative brake 
20 by the second motor MG2. This is because the second motor MG2 carries out the regenerative operation to charge 

the battery 1 94 in the course of braking the hybrid vehicle of the embodiment. In accordance with a concrete procedure, 

the brake ECU 220 transmits a required regenerative power REGreq to the master control CPU 272, based on a brake . 

pressure BP measured by the brake sensor 163. The master control CPU 272 specifies the operations of the motors 

MG1 and MG2 in response to the required regenerative power REGreq and feeds an actual regenerative power REG- 
25 prac back to the brake ECU 220. The brake ECU 220 regulates the amount of braking by the hydraulic brake to an 

adequate value, based on the observed brake pressure BP and the difference between the required regenerative power 

REGreq and the actual regenerative power REGprac. 

[0055] As described above, the master control CPU 272 determines the outputs of the respective prime movers 1 50, 
MG1, and MG2 and transmits the required values to the ECU 240 and the CPUs 264 and 266, which take in charge 

30 of the actual controls. The ECU 240 and the CPUs 264 and 266 control the respective prime movers in response to 
the required values. The hybrid vehicle is accordingly driven with the adequate power output from the axle 1 1 2 according 
to the driving state. In the course of braking, the brake ECU 220 cooperates with the master control CPU 272 to regulate 
the operations of the respective prime movers and the hydraulic brake. This arrangement attains the desirable braking 
operation that does not make the driver uneasy or uncomfortable, while allowing regeneration of electric power. 

35 [0056] The four CPUs 272, 262, 264, and 266 mutually monitor abnormality in the respective CPUs using watchdog 
pulses WDP. When some abnormality arises in one CPU to stop the watchdog pulse WDP, a reset signal RES is 
supplied to the CPU, in order to reset the CPU. Abnormality arising in the master control CPU 272 is also monitored 
by the power source control circuit 274. 

[0057] An abnormality record registration circuit 280 includes an EEPROM 282, in which records of the occurrence 
to of abnormality in the accelerator sensor 1 65 and the gearshift position sensor 1 67 are registered. An input port of the 
abnormality record registration circuit 280 receives reset signals RES1 and RES2 transmitted between the master 
control CPU 272 and the main motor control CPU 262. The abnormality record registration circuit 280 registers the 
input reset signals RES1 and RES2 into the internal EEPROM 282. 

[0058] The master control CPU 272 is connected to the abnormality record registration circuit 280 via a bidirectional 
45 communication line 214 to mutually transmit various requirements and information. The master control CPU 272 is 
also connected to the main motor control CPU 262 via a bidirectional communication line 212. 

D. Process of Learning Accelerator Opening in First Embodiment 

so [0059] The following describes a method of learning the full closed position of the accelerator pedal in a first embod- 
iment with referring to Figs. 4 through 10. Fig. 4 is a flowchart showing a processing routine executed when observed 
accelerator opening 9 exceeds a reference accelerator opening Gopen. Fig. 5 is a flowchart showing a processing 
routine executed to learn the full closed position of the accelerator pedal. Fig. 6 is a flowchart showing the details of 
the learning value addition process executed at step S300 in the flowchart of Fig. 5. Fig. 7 is a flowchart showing the 

55 details of the learning value subtraction process executed at step S400 in the flowchart of Fig. 5. Fig. 8 is a timing chart 
showing a variation in accelerator opening On in relation to the respective flags and the learning execution state. Fig. 
9 is a timing chart showing a variation in accelerator opening 8n in relation to a full-closed position accelerator opening 
Gclosed in the learning value addition process. Fig. 10 is a timing chart showing a variation in accelerator opening 6n 
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in relation to the full-closed position accelerator opening Gclosed in the learning value subtraction process. 
[0060] The description first regards the processing routine executed when the observed accelerator opening 0 ex- 
ceeds the reference accelerator opening 8open with referring to the flowchart of Fig. 4. The master controller 270 of 
the main ECU 21 0 carries out the processing routine shown in the flowchart of Fig. 4 at predetermined time intervals, 

5 for example, at time intervals of 8 ms, during each drive of the vehicle. When the program enters this processing 
routine, the master controller 270 first compares a currently observed accelerator opening Oreal with a reference ac- 
celerator opening 9open at step S1 00. The reference accelerator opening eopen represents a frequently used accel- 
erator position, which is not readily kept stable in the vicinity of the full closed position of the accelerator pedal in the 
course of releasing the accelerator pedal. For example, the reference accelerator opening eopen is approximately 

10 30%, when the accelerator opening at the full open position of the accelerator pedal is set equal to 100% and the 
accelerator opening at the full closed position is set equal to 0%. The arrangement of using the reference value for 
decision effectively prevents the full closed position of the accelerator pedal from being mistakenly learnt in a range 
of high accelerator opening 0. 

[0061 J When it is determined at step S1 00 that the currently observed accelerator opening Breal is not greater than 
is the reference accelerator opening eopen, that is, in the case of a negative answer at step S1 00, the master controller 
270 immediately exits from the current cycle of this processing routine. When it is determined at step S100 that the 
currently observed accelerator opening 9real is greater than the reference accelerator opening eopen, that is, in the 
case of an affirmative answer at step S1 00, on the other hand, the master controller 270 sets an accelerator open flag 
Fopen ON at step S11 0 as shown in Fig. 8. This means that the observed accelerator opening 9 exceeds the reference 
20 accelerator opening eopen. The master controller 270 subsequently sets a learning inhibition flag Flno OFF at step 
S120 and a re-learning inhibition flag Frlno OFF at step S130 as shown in Fig. 8. The program then exits from this 
processing routine. 

[0062] The following describes the processing routine carried out to learn the full closed position of the accelerator 
pedal with referring to the flowcharts of Figs. 5 through 7. This processing routine is also executed, for example, at the 

25 time intervals of 8 ms. When the ignition key position is switched over from OFF position to ON position, the respective 
flags are set to their initial positions, Flno = ON, Fopen = OFF, and Frlno = ON. When the program enters this processing 
routine, the master controller 270 first determines whether the learning inhibition flag Flno is ON at step S200. When 
it is determined at step S200 that the learning inhibition flag Flno is ON, that is, in the case of an affirmative answer at 
step S200, the master controller 270 immediately exits from the current cycle of this processing routine. As discussed 

30 later, the learning inhibition flag Flno is set ON to inhibit learning under the conditions that there is any possibility of 
learning mistakenly. The learning inhibition flag Flno is ON at the time of starting the vehicle and is set OFF when the 
observed accelerator opening 8 exceeds the reference accelerator opening eopen as described above. 
[0063] When it is determined at step S200 that the learning inhibition flag Flno is OFF, that is, in the case of a negative 
answer at step S200, on the other hand, the master controller 270 inputs the observed accelerator opening e from the 

35 accelerator sensor 165 and makes the input observed accelerator opening e undergo a leveling process to obtain a 
current accelerator opening 9n at step S210. Even when there is some variation in observed accelerator opening 9, 
for example, due to a noise, the leveling process enables the variation in accelerator opening to satisfy a monotonous 
decrease condition and accelerates the subsequent processing. In this embodiment, the term 'monotonous decrease' 
is not restricted to the strict sense that does not allow any increasing variation but means a substantially monotonous 

40 decrease that allows minute increasing variations, for example, due to the noise. The master controller 270 compares 
the obtained current accelerator opening On with a learning permission accelerator opening Glok at step S220. When 
it is determined at step S220 that the current accelerator opening 8n is not less than the learning permission accelerator 
opening 9lok, that is, in the case of a negative answer at step S220, the master controller 270 immediately exits from 
the current cycle of this processing routine. 

45 [0064] When it is determined at step S220 that the current accelerator opening On is less than the learning permission 
accelerator opening 9lok, that is, in the case of an affirmative answer at step S220, on the other hand, the master 
controller 270 determines whether the accelerator open flag Fopen is set ON at step S230. When it is determined at 
step S230 that the accelerator open flag Fopen is not ON, that is, in the case of a negative answer at step S230, the 
master controller 270 sets the learning inhibition flag Flno ON at step S240 as shown in Fig. 8. This is because the 

50 procedure of this embodiment does not give the permission to leam unless the accelerator opening 9 once exceeds 
the frequently used reference accelerator opening Oopen, in order to prevent learning from being performed mistakenly 
as discussed previously. 

[0065] When it is determined at step S230 that the accelerator open flag Fopen is ON, that is, in the case of an 
affirmative answer at step S230, on the other hand, the master controller 270 compares the current accelerator opening 
55 en with a previous accelerator opening 9n-1 at step S250. When it is determined at step S250 that the current accelerator 
opening On is greater than the previous accelerator opening 9n-1, that is, in the case of a negative answer at step 
S250, the master controller 270 sets the learning inhibition flag Flno ON at step S240. This is because the procedure 
of this embodiment gives the permission to learn only when the accelerator opening 9 monotonously decreases. Here 
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the term 'monotonously decreasing' means that the accelerator opening 6n output from the accelerator sensor 165 
continuously decreases or that the current accelerator opening 9n is continuously kept equal to the previous accelerator 
opening Gn-1. Learning is discontinued or inhibited once the current accelerator opening 9n exceeds the previous 
accelerator opening Gn-1 . 

5 [0066] When it is determined at step S250 that the current accelerator opening On is not greater than the previous 
accelerator opening Gn-1 and that the accelerator opening 6 monotonously decreases as shown in Fig. 8, that is, in 
the case of an affirmative answer at step S250 f the master controller 270 compares a difference between the current 
accelerator opening 9n and the previous accelerator opening 9n-1 with a convergence reference accelerator opening 
Gref at step S260. This process determines whether the accelerator opening On output from the accelerator sensor 

10 165 is converging as shown in Fig. 8. When it is determined at step S260 that the difference between the current 
accelerator opening Gn and the previous accelerator opening Gn-1 is not less than the convergence reference accel- 
erator opening Gref, that is, in the case of a negative answer at step S260, the master controller 270 sets the learning 
inhibition flag Flno ON at step S240. 

[0067] When it is determined at step S260 that the difference between the current accelerator opening Gn and the 

75 previous accelerator opening Gn-1 is less than the convergence reference accelerator opening Gref, that is, in the case 
of an affirmative answer at step S260, the master controller 270 determines that the accelerator opening Gn is con- 
verging, and determines whether a convergence time period Tcv is under counting at step S270. When the convergence 
time period Tcv is not under counting, that is, in the case of a negative answer at step S270, the master controller 270 
starts counting the convergence time period Tcv at step S280. When the convergence time period Tcv is under counting, 

20 that is, in the case of an affirmative answer at step S270, on the other hand, the counting is to be continued. 

[0068] The master controller 270 then compares the current accelerator opening Gn with a current full-closed position 
accelerator opening Gclosed at step S290. When it is determined at step S290 that the current accelerator opening Gn 
is greater than the current full-closed position accelerator opening Gclosed, that is, in the case of an affirmative answer 
at step S290, the master controller 270 carries out a learning value addition process at step S3O0. The learning value 

25 addition process increments the full-closed position accelerator opening that corresponds to the full closed position of 
the accelerator pedal 166. When it is determined at step S290 that the current accelerator opening Gn is not greater 
than the current full-closed position accelerator opening Gclosed, that is, in the case of a negative answer at step S90, 
on the other hand, the master controller 270 carries out a learning value subtraction process at step S400. The learning 
value subtraction process decrements the full-closed position accelerator opening that corresponds to the full closed 

30 position of the accelerator pedal 166. The details of the learning value addition process and the learning value sub- 
traction process are discussed below. 

[0069] The learning value addition process is discussed first with referring to Figs. 6 and 9. The master controller 
270 determines whether a re-leaming inhibition flag Frlno is set ON at step S31 0. The re-learning inhibition flag Frlno 
will be described later. When it is determined at step S310 that the re-learning inhibition flag Frlno is set ON, that is, 

35 in the case of an affirmative answer at step S31 0, the master controller 270 immediately exits from the current cycle 
of the learning value addition process. When it is determined at step S310 that the re-leaming inhibition flag Frlno is 
OFF, that is, in the case of a negative answer at step S310, on the other hand, the master controller 270 subsequently 
determines whether a convergence time period Tcv is not less than 2000 ms at step S320. The procedure of this 
embodiment performs the offset learning and sets the converged value of the accelerator opening G to the new full- 

40 closed position accelerator opening Gclosed in the case of learning and updating the full-closed position accelerator 
opening Gclosed to a higher value. For such offset learning, the convergence time period Tcv should be sufficiently long. 
[0070] When it is determined at step S320 that the convergence time period Tcv is less than 2000 ms, that is, in the 
case of a negative answer at step S320, the master controller 270 sets the learning inhibition flag Flno ON at step 
S330 and exits from the learning value addition process. Once the converging state of the accelerator opening 0 is 

45 discontinued, even when the accelerator opening Gn again becomes less than the learning permission accelerator 
opening Glok as shown in Fig. 8, the procedure of this embodiment prohibits the subsequent learning operation, in 
order to prevent the accelerator opening from being learnt mistakenly. When it is determined at step S320 that the 
convergence time period Tcv is not less than 2000 ms, that is, in the case of an affirmative answer at step S320, the 
master controller 270 sets the converged value of the accelerator opening 0 to the new full-closed position accelerator 

so opening Gclosed at step S340 as shown in Fig. 9. The master controller 270 then sets the re-leaming inhibition flag 
Frlno ON at step S350 as shown in Fig. 9, and exits from the learning value addition process. 
[0071] The following gives the reason why the re-leaming inhibition flag Frlno is set ON. Updating the full-closed 
position accelerator opening Gclosed to a higher value worsens the output response to the operation of the accelerator 
pedal. The technique of this embodiment accordingly sets the converged value of the accelerator opening G to the new 

55 full-closed position accelerator opening Gclosed. Compared with the prior art technique that sets a value obtained by 
the leveling process to the new full-closed position accelerator opening Gclosed, this procedure enhances the learning 
accuracy and the learning speed. This procedure, however, causes the difference between the current full-closed 
position accelerator opening and the new full-closed position accelerator opening (that is, the learning value) to be 
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relatively large. In order to prevent the accelerator opening from being mistakenly learnt, the procedure prohibits re- 
learning in both the addition process and the subtraction process as long as the accelerator opening 9 again exceeds 
the reference accelerator opening eopen. 

[0072] The learning value subtraction process is then discussed with referring to Figs. 7 and 1 0. The master controller 
5 270 first determines whether the re-learning inhibition flag Frlno is set ON at step S410. When it is determined at step 
S410 that the re-learning inhibition flag Frlno is set ON, that is, in the case of an affirmative answer at step S410, the 
master controller 270 immediately exits from the current cycle of the learning value subtraction process. When it is 
determined at step S410 that the re-learning inhibition flag Frlno is OFF, that is, in the case of a negative answer at 
step S410, on the other hand, the master controller 270 subsequently determines whether a convergence time period 
10 Tcv is not less than 500 ms at step S420. This is because the procedure of this embodiment learns and updates the 
full-closed position accelerator opening Oclosed when the observed accelerator opening 6 is kept for a time period of 
or over 500 ms. When it is determined at step S420 that the convergence time period Tcv is less than 500 ms, that is, 
in the case of a negative answer at step S420, the master controller 270 sets the learning inhibition flag Flno ON at 
step S430 as shown in Fig. 8. The program then exits from the learning value subtraction process. Once the converging 
is state of the accelerator opening 9 is discontinued, even when the accelerator opening On again becomes less than the 
learning permission accelerator opening 8lok, the procedure of this embodiment prohibits the subsequent learning 
operation, in order to prevent the accelerator opening from being learnt mistakenly. 

[0073] When it is determined at step S420 that the convergence time period Tcv is not less than 500 ms, that is, in 
the case of an affirmative answer at step S420, on the other hand, the master controller 270 sets a remainder obtained 

20 by subtracting a predetermined value 61 from the current full-closed position accelerator opening Oclosed to the new 
full-closed position accelerator opening Oclosed at step S440 as shown in Fig. 10. The program then exits from the 
learning value subtraction process. As long as the converging state continues, at the time point when another 500 ms 
has elapsed as the convergence time period Tcv, the predetermined value 91 is again subtracted from the full-closed 
position accelerator opening Oclosed as shown in Fig. 1 0. Updating the full-closed position accelerator opening Oclosed 

25 to a lower value may cause a power requirement signal to be output during a drive of the vehicle, although the accel- 
erator pedal 1 66 is actually set at the mechanical full closed position. In order to prevent such potential troubles, the 
technique of the embodiment sets the remainder obtained by subtracting the predetermined value 91 from the current 
full-closed position accelerator opening Oclosed to the new full-closed position accelerator opening Oclosed, regardless 
of the actual learning value. 

30 [0074] As described above, in the technique of the first embodiment, one of the conditions for giving a permission 
to learn is that the accelerator opening 9 once exceeds the frequently used reference accelerator opening Oopen. The 
permission to learn is accordingly given only when the accelerator pedal 1 66 is returned from a relatively deep position 
of depression to the full closed position. Namely learning is carried out after the accelerator lever of the accelerator 
sensor 1 65 is turned by a significant angle. This arrangement effectively reduces the possibility of mistakenly measuring 

35 the accelerator opening. It is generally difficult to keep the accelerator position in the vicinity of the full closed position 
after the driver steps on the accelerator pedal 1 66 to a significant depth. This arrangement thus prevents the accelerator 
opening from being mistakenly learnt while the driver depresses the accelerator pedal 166 unintentionally. 
[0075] In the technique of the first embodiment, another condition for giving the permission to learn is that the ac- 
celerator opening On obtained by the leveling process monotonously decreases and is converged to a fixed value. This 

40 gives the strict learning start condition and enables the use of a relatively large learning value, thus enhancing the 
learning accuracy, compared with the prior art technique. The requirement of the monotonous decrease in accelerator 
opening 9n causes learning to be prohibited in the case where any peak signal is observed, for example, due to a 
nose. This arrangement eliminates the effects of the noise in the process of learning the full-closed position accelerator 
opening 9closed, thus effectively preventing the accelerator opening from being mistakenly learnt. 

45 [0076] In the case where the full-closed position accelerator opening Oclosed is updated to a higher value as shown 
in Fig. 9, the technique of the embodiment carries out the offset learning, which specifies the real difference between 
the current full-closed position accelerator opening Oclosed and the converged value of the accelerator opening 8n as 
the learning value (offset learning value) and sets the converged value of the accelerator opening On to the new full- 
closed position accelerator opening 8closed. This procedure quickly changes the full-closed position accelerator open- 

so ing Gclosed used for the purpose of control to the actual full-closed position accelerator opening. In general, when the 
full-closed position accelerator opening Oclosed is updated to a higher value, the erroneous learning only results in 
increasing the play of the accelerator pedal 1 66, that is, lowering the response to the operation of the accelerator pedal 
1 66. This lowers the drivability but does not make the vehicle run against the intention of the driver. 
[0077] By taking into account these facts, the procedure of this embodiment carries out the offset learning when 

55 updating the full-closed position accelerator opening 9closed to a higher value. Although the effects by the erroneous 
learning are not so significant, the erroneous learning is still an abnormal state. The procedure of the embodiment thus 
gives a permission to re-learn only when the converging state continues for the time period of at least 2000 ms prior 
to the update of the full-closed position accelerator opening ©closed and when the accelerator opening 0 again exceeds 
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the reference accelerator opening Gopen. This arrangement effectively prevents the accelerator opening from being 
learnt mistakenly. 

E. Process of Learning Accelerator Opening in Second Embodiment 

5 

[0078] The procedure of the first embodiment carries out only the offset learning in the learning value addition process 
when the convergence time period Tcv continues at least 2000 ms. Another available procedure updates the full-closed 
position accelerator opening Oclosed by adding a predetermined value, and eventually carries out the offset learning. 
This procedure is discussed below as a second embodiment of the present invention with reference to Fig. 11 . Fig. 11 
10 is a flowchart showing another processing routine of the learning value addition process carried out in the second 
embodiment. The series of processing in the second embodiment other than the leaning value addition process is 
identical with that in the first embodiment and is thus not specifically described here. 

[0079] The processing routine of Fig. 1 1 is executed, for example, at time intervals of 8 ms. When the program enters 
this processing routine, the master controller 270 first determines whether the re-learning inhibition flag Frlno is set 

is ON at step S500. When it is determined at step S500 that the re-learning inhibition flag Frlno is set ONI, that is, in the 
case of an affirmative answer at step S500, the master controller 270 immediately exits from the current cycle of the 
learning value addition process. When it is determined at step S500 that the re-learning inhibition flag Frlno is OFF, 
that is, in the case of a negative answer at step S500, on the other hand, the master controller 270 subsequently 
determines whether a convergence time period Tcv is not less than 500 ms at step S510. The procedure of this em- 

20 bodiment carries out the learning process to add a predetermined value 02 when the converging state continues for 
the time period of 500 ms. The processing of step S51 0 accordingly determines whether such learning is to be carried 
out. 

[0080] When it is determined at step S51 0 that the convergence time period is less than 500 ms, that is, in the case 
of a negative answer at step S510, the master controller 270 sets the learning inhibition flag Flno ON at step S520 and 

25 exits from the learning value addition process. Once the converging state of the accelerator opening 9 is discontinued, 
the procedure prohibits the subsequent learning and thereby prevents the accelerator opening from being learnt mis- 
takenly. When it is determined at step S510 that the convergence time period is not less than 500 ms, that is, in the 
case of an affirmative answer at step S510, on the other hand, the master controller 270 subsequently determines 
whether the convergence time period Tcv is not less than 2000 ms at step S530. This time period is set as the time 

30 condition for the offset learning as discussed in the first embodiment. 

[0081 ] When it is determined at step S530 that the convergence time period Tcv is less than 2000 ms, that is, in the 
case of a negative answer at step S530, the master controller 270 sets a sum obtained by adding a predetermined 
value 62 to the current full-closed position accelerator opening Oclosed to the new full-closed position accelerator 
opening Oclosed at step S540 as shown by the broken line in Fig. 9. The program then exits from the learning value 

35 addition process. Under such conditions, while the convergence time period Tcv of the accelerator opening On is in- 
sufficient for the execution of the offset learning, the convergence time period Tcv is sufficient for the addition of the 
predetermined value. 

[0082] When it is determined at step S530 that the convergence time period Tcv is not less than 2000 ms, that is, in 
the case of an affirmative answer at step S530, on the other hand, the master controller 270 sets the converged value 
40 of the accelerator opening 6 to the new full-closed position accelerator opening Oclosed at step S550 as shown by the 
thick solid line in Fig. 9. The master controller 270 then sets the re-leaming inhibition flag Frlno ON at step S560 and 
exits from the processing routine. 

[0083] The technique of the second embodiment has the following advantages, in addition to the advantages of the 
first embodiment. The procedure of the second embodiment sets the sum obtained by adding the predetermined value 

45 92 to the current full-closed position accelerator opening Oclosed to the new full-closed position accelerator opening 
9closed at the time point when the convergence time period Tcv reaches or exceeds 500 ms, prior to the execution of 
the offset learning. Even when the convergence time period Tcv does not reach 2000 ms and the offset learning can 
not be performed, this arrangement ensures some update of the current full-closed position accelerator opening 
Bclosed. As shown in Fig. 9, the procedure of the second embodiment cancels the difference between the current full- 

so closed position accelerator opening Oclosed used for the purpose of control and the actual full-closed position accel- 
erator opening by at least the predetermined value 92. 

[0084] The apparatus for learning the full closed position of the accelerator pedal and the method of the same ac- 
cording to the present invention are discussed above with reference to some preferred embodiments. These embod- 
iments are, however, to be considered in all aspects as illustrative and not restrictive. There may be many modifications, 
55 changes, and alterations without departing from the scope or spirit of the main characteristics of the present invention. 
All changes within the meaning and range of equivalency of the claims are therefore intended to be embraced therein. 
[0085] Some examples of possible modification are briefly discussed. The procedure of the embodiment discussed 
above carries out the offset learning or the learning with the predetermined value 92 in the learning value addition 
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process and the learning with the predetermined value 91 in the learning value subtraction process. One modified 
procedure uses a learning value obtained by making the difference between the full-closed position accelerator opening 
Bclosed and the converged value of the accelerator opening 8 undergo the leveling process. This method enhances 
the learning accuracy in the process of adding the learning value. 

s [0086] Another modified procedure utilizes the updated full-closed position accelerator opening Bclosed obtained in 
either of the above embodiments for a failure detection of the accelerator pedal. The failure detection is discussed 
briefly with referring to Fig. 12. Fig. 12 shows a comparison between normal learning and abnormal learning. The 
accelerator pedal has a mechanical full-closed position accelerator opening Gmech at the mechanical full closed po- 
sition as shown in Fig. 3. The mechanical full-closed position accelerator opening Gmech is smaller than the learning 

10 permission accelerator opening eiok. When the full-closed position accelerator opening Bclosed is greater than the 
mechanical full-closed position accelerator opening Gmech (that is, in the state of abnormal learning shown by the 
broken line in Fig. 12), the procedure lights an alarm lamp on and informs the driver of occurrence of an abnormality 
on the accelerator pedal 166, while continuing the learning process. This arrangement informs the driver of the occur- 
rence of some abnormality on the accelerator pedal 166, while continuing the drive of the vehicle and the process of 

is learning the full-closed position of the accelerator pedal 1 66, since this state does not cause any troubles in the drive . 
of the vehicle or in the process of learning the full closed position of the accelerator pedal 1 66. This informs the driver 
of the necessity of inspection without stopping the drive of the vehicle. A possible example of the abnormality on the 
accelerator pedal 166 is malfunction of a return spring. 

[0087] The procedure of the above embodiment gives the permission to learn only when the currently observed 
20 accelerator opening 9n is not greater than the previous accelerator opening 6n-1 . One possible modification gives the 
permission to learn when the absolute difference between the currently observed accelerator opening On and the 
previous accelerator opening Gn-1 is within a preset range. 

[0088] The time periods 500 ms and 2000 ms used as the criterion of the convergence time period Tcv in the above 
embodiments are only examples. Any other suitable time periods may be used as the criterion. 

25 [0089] Another modified procedure estimates a maximum variation in accelerator opening from the previous learning 
value and sets the estimated maximum variation as a maximum offset permission accelerator opening 6max shown 
by the one-dot chain line in Fig. 13 in the process of performing the offset learning. This procedure sets the maximum 
offset permission accelerator opening 6max to the learning value when the offset accelerator opening exceeds the 
maximum offset permission accelerator opening Gmax. This reduces the possibility of mistakenly learning the accel- 

30 erator opening. 

[0090] In the embodiments discussed above, the depression or step-on amount of the accelerator pedal 1 66 is meas- 
ured by the accelerator sensor 1 65. When the accelerator pedal 1 66 is mechanically linked with the throttle valve 1 68, 
the depression amount of the accelerator pedal 1 66 may alternatively be measured by the throttle sensor 1 69. This is 
because the depression amount of the accelerator pedal 166 directly affects the opening of the throttle valve 168 in 

35 the structure where the accelerator pedal 1 66 is mechanically linked with the throttle valve 1 68. 

[0091] The above embodiments regard the hybrid vehicle as an example. The technique of the present invention 
may also be applicable for vehicles with only an engine as well as for vehicles with only a motor. In any of these vehicles, 
it is essential to learn the accurate full closed position of the accelerator pedal since the desired output value required 
by the driver is transmitted to the controller via the accelerator pedal. 

40 [0092] The scope and spirit of the present invention are indicated by the appended claims, rather than by the foregoing 
description. 

[0093] The technique of the present invention enables a full closed position of an accelerator pedal to be learnt with 
a high accuracy. More specifically the arrangement of the invention effectively prevents the full closed position of the 
accelerator pedal from being mistakenly learnt and quickly changes a current full closed position of the accelerator 

45 pedal to a new, more appropriate full closed position. In a system of the present invention, a master controller updates 
a full-closed position accelerator opening Gclosed when an accelerator open flag Fopen is set ON and when a current 
accelerator opening 6n is less than a learning permission accelerator opening Glok and monotonously decreases to 
be converged. The master controller sets the converged accelerator opening On to a new full-closed position accelerator 
opening Gclosed when the converged accelerator opening Gn is greater than a current full-closed position accelerator 

50 opening Gclosed. The master controller sets a remainder obtained by subtracting a predetermined value from the 
current full-closed position accelerator opening Gclosed to the new full-closed position accelerator opening Gclosed 
when the converged accelerator opening On is not greater than the current full-closed position accelerator opening 
Gclosed. 

55 

Claims 

1. A method of learning a full-closed position output value at a full closed position of an accelerator pedal disposed 
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in a vehicle, the accelerator pedal enabling a required output value to be output to a driving power source of the 
vehicle in a continuously variable manner and having the full closed position that corresponds to a required output 
value of 0, the method comprising: 

5 determining whether an output value of the accelerator pedal has exceeded a first threshold value; 

determining whether the output value of the accelerator pedal is less than a second threshold value, which is 
smaller than the first threshold value, after the output value of the accelerator pedal has exceeded the first 
threshold value; 

10 

when it is determined that the output value of the accelerator pedal is less than the second threshold value, 
determining whether the output value of the accelerator pedal is converging; and 

when it is determined that the output value of the accelerator pedal is converging, changing the full-closed 
is position output value with taking into account the converged output value of the accelerator pedal. 

2. A method in accordance with claim 1, wherein determining whether the output value of the accelerator pedal is 
converging is carried out when the output value of the accelerator pedal monotonously decreases. 

20 3. A method in accordance with claim 1 , wherein determining whether the output value of the accelerator pedal is 
converging is carried out when a current full-closed position output value is greater than a currently observed 
output value of the accelerator pedal, 

determining whether the output value of the accelerator pedal is converging carrying out on the condition 
that the output value of the accelerator pedal monotonously decreases, when the current full-closed position output 

25 value is not greater than the currently observed output value of the accelerator pedal. 

4. A method in accordance with either one of claims 2 and 3, wherein it is determined that the output value of the 
accelerator pedal monotonously decreases when an absolute difference between a currently observed output 
value of the accelerator pedal and a previous output value of the accelerator pedal is within a preset range and 

30 when a future output value of the accelerator pedal after elapse of a predetermined time period is smaller than the 

currently observed output value of the accelerator pedal. 

5. A method in accordance with either one of claims 2 and 3, wherein it is determined that the output value of the 
accelerator pedal monotonously decreases when a currently observed output value of the accelerator pedal is 

35 smaller than a previous output value of the accelerator pedal. 

6. A method in accordance with any one of claims 1 through 5, wherein it is determined that the output value of the 
accelerator pedal is converging when a variation in output value of the accelerator pedal is within a predetermined 
range. 

40 

7. A method in accordance with any one of claims 1 through 5, wherein it is determined that the output value of the 
accelerator pedal is converging when a currently observed output value of the accelerator pedal is either of identical 
with a previous output value of the accelerator pedal and less than the previous output value of the accelerator 
pedal by a predetermined rate. 

45 

8. A method in accordance with any one of claims 1 through 7, wherein, when a current full-closed position output 
value is greater than the converged output value of the accelerator pedal, a remainder obtained by subtracting a 
predetermined value from the current full-closed position output value is set to the new full-closed position output 
value. 

so 

9. A method in accordance with any one of claims 1 through 8, wherein, when a current full-closed position output 
value is not greater than the converged output value of the accelerator pedal, a sum obtained by adding a prede- 
termined value to the current full-closed position output value is set to the new full-closed position output value. 

55 10. A method in accordance with claim 9, wherein, when the convergence of the output value of the accelerator pedal 
continues for a predetermined time period, the converged output value of the accelerator pedal is set to the new 
full-closed position output value. 
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11. A method in accordance with any one of claims 1 through 8, wherein, when a current full-closed position output 
value is not greater than the converged output value of the accelerator pedal, the converged output value of the 
accelerator pedal is set to the new full-closed position output value. 

5 1 2. A method in accordance with any one of claims 1 through 1 1 , wherein the output value of the accelerator pedal is 
expressed by an accelerator opening that is related to a depression amount of the accelerator pedal, the accelerator 
opening being a predetermined percent at a maximum output value of the accelerator pedal and being zero percent 
at a minimum output value of the accelerator pedal. 

10 1 3. A method in accordance with any one of claims 1 through 1 1 , wherein the output value of the accelerator pedal is 
expressed by a throttle opening that is related to a depression amount of the accelerator pedal, the throttle opening 
being a predetermined percent at a maximum output value of the accelerator pedal and being zero percent at a 
minimum output value of the accelerator pedal. 

is 14. A method in accordance with any one of claims 1 through 1 3, the method further comprising: 

informing a driver of occurrence of an abnormality on the accelerator pedal when the new full-closed position 
output value is smaller than the second threshold value but greater than a third threshold value, which is smaller 
than the second threshold value and corresponds to a mechanical full closed position of the accelerator pedal. 

20 1 5. A method of successively updating a full-closed position output value of an accelerator pedal at a full closed position 
corresponding to a specific state in which an operating quantity of the accelerator pedal is equal to zero, the method 
comprising: 

determining whether an output value of the accelerator pedal is less than a threshold value; 

25 

when it is determined that the output value of the accelerator pedal is less than the threshold value, determining 
whether the output value of the accelerator pedal is converging; ' 

when it is determined that the output value of the accelerator pedal is converging, comparing a current full- 
30 closed position output value of the accelerator pedal with the converged output value of the accelerator pedal; 

when the current full-closed position output value of the accelerator pedal is greater than the converged output 
value of the accelerator pedal, setting a mean of the current full-closed position output value of the accelerator 
pedal and the converged output value of the accelerator pedal to a new full-closed position output value of 
35 the accelerator pedal; and 

when the current full-closed position output value of the accelerator pedal is not greater than the converged 
output value of the accelerator pedal, setting the converged output value of the accelerator pedal to the new 
full-closed position output value of the accelerator pedal. 

40 

1 6. A method in accordance with claim 1 5, wherein, when the current full-closed position output value of the accelerator 
pedal is not greater than the converged output value of the accelerator pedal, the mean of the current full-closed 
position output value of the accelerator pedal and the converged output value of the accelerator pedal is set to the 
new full-closed position output value of the accelerator pedal, 

45 when a convergence time period, in which the output value of the accelerator pedal converges, exceeds a 

preset time period, the converged output value of the accelerator pedal being set to the new full-closed position 
output value of the accelerator pedal. 

17. A method in accordance with either one of claims 15 and 16, the output value of the accelerator pedal is obtained 
so as either one of an accelerator opening or a throttle opening that is related to a depression amount of the accelerator 

pedal. 

18. A full-closed position learning apparatus that learns a full closed position of an accelerator pedal in a released 
state, the full-closed position learning apparatus comprising: 

55 

an accelerator depression measurement unit that measures a depression amount of the accelerator pedal as 
an operational opening; 
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a first storage unit that registers therein an accelerator open record when the observed operational opening 
exceeds an open record reference value; 

a learning permission decision unit that determines whether the observed operational opening is less than a 
5 learning permission reference value, which is smaller than the open record reference value; 

an opening convergence decision unit that determines whether the operational opening is converging when 
it is determined that the observed operational opening is less than the learning permission reference value 
while the accelerator open record is present in the first storage unit; and 

10 

a full-closed position opening variation unit that varies the operational opening at the full closed position to a 
new full-closed position operational opening by taking into account the converged operational opening, when 
it is determined that the operational opening is converging. 

15 19. A full-closed position learning apparatus in accordance with claim 18, the full-closed position learning apparatus 
further comprising: 

a decreasing state decision unit that determines whether the operational opening monotonously decreases, 
when the accelerator open record is present in the first storage unit, 

20 

wherein the opening convergence decision unit carries out the determination of whether the operational open- 
ing is converging when it is determined that the operational opening monotonously decreases. 

20. A full-closed position learning apparatus in accordance with claim 19, wherein the decreasing state decision unit 
25 determines that the operational opening monotonously decreases when an absolute difference between a currently 

observed operational opening and a previous operational opening is within a preset range and when a future 
operational opening after elapse of a predetermined time period is smaller than the currently observed operational 
opening. 

30 21. A full-closed position learning apparatus in accordance with claim 19, wherein the decreasing state decision unit 
determines that the operational opening monotonously decreases when a currently observed operational opening 
is smaller than a previous operational opening. 

22. A full-closed position learning apparatus in accordance with any one of claims 1 8 through 21 , wherein the opening 
35 convergence decision unit determines that the operational opening is converging when a variation in operational 

opening is within a predetermined range. 

23. A full-closed position learning apparatus in accordance with any one of claims 1 8 through 21 , wherein the opening 
convergence decision unit determines that the operational opening is converging when a currently observed op- 

40 erational opening is either of identical with a previous operational opening and less than the previous operational 

opening by a predetermined rate. 

24. A full-closed position learning apparatus in accordance with any one of claims 18 through 23, wherein the full- 
closed position opening variation unit sets a remainder obtained by subtracting a predetermined value from a 

45 current full-closed position operational opening to the new full-closed position operational opening, when the cur- 

rent full-closed position operational opening is greater than the converged operational opening. 

25. A full-closed position learning apparatus in accordance with any one of claims 18 through 23, wherein the full- 
closed position opening variation unit sets a sum obtained by adding a predetermined value to a current full-closed 

so position operational opening to the new full-closed position operational opening, when the current full-closed po- 

sition operational opening is not greater than the converged operational opening. 

26. A full-closed position learning apparatus in accordance with claim 25, wherein the full-closed position opening 
variation unit sets the converged operational opening to the new full-closed position operational opening when the 

55 convergence of the operational opening continues for a predetermined time period. 

27. A full-closed position learning apparatus in accordance with any one of claims 18 through 23, wherein the full- 
closed position opening variation unit sets the converged operational opening to the new full-closed position op- 
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erational opening when a current full-closed position operational opening is not greater than the converged oper- 
ational opening. 

28. A full-closed position learning apparatus in accordance with anyone of claims 18 through 27, the full-closed position 
5 learning apparatus further comprising: 

an accelerator abnormality decision unit that compares the new full-closed position operational opening with 
the learning permission reference value and with a mechanical full closing value, which is smaller than the 
learning permission reference value and corresponds to a mechanical full closed position of the accelerator 
w pedal; and 

an information unit that informs a driver of occurrence of an abnormality on the accelerator pedal when the 
new full-closed position operation opening is less than the learning permission reference value but is greater 
than the mechanical full closing value. 

is 

29. A full-closed position learning apparatus in accordance with any one of claims 18 through 28, wherein the accel- 
erator depression measurement unit comprises an accelerator opening sensor that measures the depression 
amount of the accelerator pedal as an accelerator opening. 

20 30. A full-closed position learning apparatus in accordance with any one of claims 18 through 28, wherein the accel- 
erator depression measurement unit comprises a throttle opening sensor that measures an operation amount of 
a throttle value, which works in combination with an operation of the accelerator pedal, as a throttle opening. 
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Fig. 9 
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